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(54) Wafer support with improved temperature control 



(57) The disclosure relates to an apparatus for sup- 
porting a workpiece in semi-conductor processing 
equipment. The apparatus has either a mechanical or 
electrostatic chuck (100) having a workpiece support 
surface (104) that specifically directs the flow of a heat 



transfer gas from at least one gas supply port (120) to- 
wards a drain port (124). A pressure valve (126) beyond 
the drain port regulates heat transfer gas pressure to 
ensure adequate gas density for cooling by conduction 
and adequate gas flow for controlled leakage through 
the valve. 
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Description 

The invention relates generally to mechanical or 
electrostatic clamping chucks for holding a workpiece 
and, more specifically, to an improved topographical 
structure of a support surface of such chucks to increase 
heat transfer gas distribution along the bottom surface 
of a workpiece retained by the chuck. 

Mechanical and electrostatic clamping chucks are 
used for holding a workpiece in various applications 
ranging from holding a sheet of paper in a computer 
graphics plotterto holding a semiconductor wafer within 
a semiconductor wafer process chamber. In semicon- 
ductor wafer processing equipment, mechanical and 
electrostatic chucks are used for clamping wafers to a 
pedestal during processing. The pedestal may form 
both an electrode (in electrostatic chuck applications) 
and a heat sink. These chucks find use in etching, chem- 
ical vapor deposition (CVD), and physical vapor depo- 
sition (PVD) applications. 

Mechanical chucks typically secure a workpiece to 
the chuck by applying a physical holding force to a 
clamping ring or calipers located at the periphery of the 
workpiece. The workpiece is held in place until the phys- 
ical force is reversed and the clamping ring or calipers 
retract. Electrostatic chucks perform this task by creat- 
ing an electrostatic attractive force between the work- 
piece and the chuck. A voltage is applied to one or more 
electrodes in the chuck so as to induce opposite polarity 
charges in the workpiece and electrodes, respectively. 
The opposite charges pull the workpiece against the 
chuck, thereby retaining the workpiece. More specifical- 
ly, in a "unipolar" electrostatic chuck, voltage is applied 
to the conductive pedestal relative to some internal 
chamber ground reference. Electrostatic force is estab- 
lished between the wafer being clamped and the elec- 
trostatic chuck. When the voltage is applied, the wafer 
is referred back to the same ground reference as the 
voltage source by a conductive connection to the wafer. 
Alternatively, a plasma generated proximate the wafer 
can reference the wafer to ground, although some volt- 
age drop occurs across plasma sheaths that form at 
both the wafer being clamped and the reference elec- 
trode. 

The materials and processes used to process a wa- 
fer are extremely temperature sensitive. Should these 
materials be exposed to excessive temperature fluctu- 
ations due to poor heat transfer from the wafer during 
processing, performance of the wafer processing sys- 
tem may be compromised resulting in wafer damage. 
To optimally transfer heat between the wafer and a 
chuck, a very large electrostatic or physical force is used 
in an attempt to cause the greatest amount of wafer sur- 
face to physically contact a support surface of the chuck. 
However, due to surface roughness of both the wafer 
and the chuck, small interstitial spaces remain between 
the chuck and wafer that interfere with optimal heat 
transfer. 



To achieve further cooling of the wafer during 
processing, an inert gas such as Helium is pumped into 
the interstitial spaces formed between the wafer and the 
support surface. This gas acts as a thermal transfer me- 
5 dium from the wafer to the chuck that has better heat 
transfer characteristics than the vacuum it replaces. The 
chucks are generally designed to prevent the heat trans- 
fer gas from escaping into the surrounding low pressure 
atmosphere (i.e., the reaction chamber). Specifically, 
10 the support surface of electrostatic chucks have a cir- 
cumferential raised rim having a diameter that is approx- 
imately equal to the diameter of the wafer and a flex cir- 
cuit covering the support surface of the underlying ped- 
estal. The flex circuit is usually a conductive material 
15 encased in a flexible dielectric material. The conductive 
material is patterned to form the electrostatic electrode 
(s). The dielectric material insulates the conductive ma- 
terial from other conductive components and also acts 
as a gasket. Once the wafer is clamped, a gas tight seal 
20 is created between the wafer and the rim. As such, heat 
transfer gas leakage from beneath the wafer at the rim 
is minimized. The clamping ring of mechanical chucks 
pushes down against a lip seal at the edge of the support 
surface of its pedestal to eliminate leakage. The lip seal 
25 js smaller than the dielectric "gasket" used in the elec- 
trostatic chuck, but is similar in principle. To further en- 
hance the cooling process, the chuck is typically water- 
cooled via conduits within the pedestal. This cooling 
technique is known as backside gas cooling. 
30 in the prior art, heat transfer gas distribution to the 
interstitial spaces is osmotic. Once a certain gas pres- 
sure is reached, pumping ceases and the gas becomes 
stagnant under the wafer. Since some of the interstitial 
spaces may not be interconnected, some spaces do not 
35 receive any heat transfer gas. This condition can lead 
to a non-uniform temperature profile across the wafer 
during processing and result in wafer damage. Effective 
and uniform heat conduction away from the wafer is an 
important aspect of the manufacturing process. There- 
to fore, maximizing wafer area either in contact with the 
support surface or exposed to the heat transfer gas 
should contribute to the greatest heat transfer rate. As 
such, backside gas cooling art developed based on this 
premise. 

45 However, the physical limitations of existing tech- 
nology do not provide the necessary conditions for a uni- 
form distribution of heat transfer gas in all of the inter- 
stitial spaces beneath the wafer. Existing pedestal to- 
pographies limit the effectiveness of the heat transfer 

50 process because they have a generally flat support sur- 
face and the wafers have a generally flat bottom surface. 
Ideally, these flat surfaces would have no defects or de- 
viations so that the entire bottom surface of the wafer 
would contact the support surface to allow for maximum 

55 heat transfer from the wafer to the pedestal. General 
topographical anomalies create a condition where not 
all of the wafer is in contact with this support surface. 
Electrostatic chucks attempt to solve this problem 
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by providing a more uniform heat transfer gas layer 
across the entire bottom surface of the wafer. The flex 
circuit may be shaped in various configurations such as 
a flat plate across most of the support surface, as a se- 
ries of concentric rings or radial arms to disperse the 
heat transfer gas across the entire bottom surface of the 
wafer. Additionally, the flex circuits have grooves or 
channels so the heat transfer gas can flow through and 
across the flex circuit somewhat uniformly. Nonethe- 
less, the aforementioned interstitial spaces containing 
no gas still form and distribution of the gas could be com- 
promised. Mechanical chucks may suffer from prema- 
ture breakdown of the clamping components or non-uni- 
form compression of the clamping ring or calipers which 
contributes to a loss of heat transfer gas pressure at the 
periphery lip seal. 

Some gas leakage is expected in any type of chuck; 
therefore, a minimum gas pressure is maintained under 
the wafer at any given time to assure adequate gas den- 
sity. If the gas escapes at a rate faster than anticipated, 
heat transfer characteristics of the device again become 
unstable and unreliable. Additionally, wafers secured to 
both types of chucks tend to bow at their centers result- 
ing from the heat transfer gas pressure building up on 
the underside of the wafer. For mechanical chucks, the 
bowing action also could potentially lift the wafer away 
from the sealed areas. This condition contributes to a 
non-uniform heat transfer gas condition which results in 
poor temperature control across the wafer underside. 
Consequently, during processing, the temperature non- 
uniformity may result in non-uniform processing and wa- 
fer damage. 

Therefore, there is a need in the art for an improved 
topographical structure of a semiconductor wafer 
processing chuck that maximizes heat transfer rate and 
improves temperature control and uniformity across the 
wafer without adding considerably to manufacturing 
costs. 

The disadvantages heretofore associated with the 
prior art are overcome by an apparatus that clamps a 
wafer to a wafer support surface either mechanically or 
electrostatically. The inventive topography of the sup- 
port surface is created by positioning heat transfer gas 
ports at the periphery of the workpiece support surface 
and flow vanes radially inward of the periphery to chan- 
nel the gas from the periphery to a central drain. The 
gas is then conducted away from the drain via a sub- 
support surface channel to a pressure valve. The pres- 
sure valve is provided with a membrane. The membrane 
is of porosity and thickness such that gas will flow 
through the membrane only if a certain pressure is 
present beneath the wafer. To achieve a well-defined 
flow characteristic, the membrane is preferably ceramic. 
The newly positioned ports, vanes, drain and pressure 
valve eliminate the problems associated with static heat 
transfer gas conduction. 

In a first embodiment of the invention, eight ports 
are arranged about the periphery of the support surface 



of a mechanical chuck. The support surface is divided 
into eight zones by a first set of vanes extending radially 
from the periphery of the support surface to the center 
drain. A second set of vanes positioned in front of each 

5 heat transfer gas port extending radially inward but not 
reaching the center divides the flow of the gas evenly 
through each zone as it travels to the center drain , down 
the sub-support surface channel to the pressure valve. 
In a second embodiment of the invention, twelve 

io ports are arranged about a periphery of the support sur- 
face of an electrostatic chuck. The support surface is 
divided into twelve zones by a first set of vanes extend- 
ing from the periphery of the support surface in lengths 
alternating between about 1/6 and 1/4 the radius of the 

*5 support surface. A second set of vanes divides the flow 
of the gas evenly between the center drain and a plural- 
ity of U-shaped flow breaks positioned radially inward 
from the first set of vanes before allowing the gas to en- 
ter the sub-support surface channel and pressure valve. 

20 This invention fulfills the long felt need for an appa- 
ratus that can efficiently clamp a wafer to a mechanical 
or electrostatic chuck and provide improved heat trans- 
fer characteristics. Specifically, the support surfaces in 
conjunction with the center drain, sub-support surface 

2$ channel and pressure valve advantageously distribute 
heat transfer gas to the backside of a wafer in a more 
controlled and uniform fashion than previously possible. 
The low flow rate of the gas also provides minor cooling 
of the wafer by convection in addition to conduction re- 

30 suiting in a better quality end product and improved 
yields. 

The teachings of the present invention can be read- 
ily understood by considering the following detailed de- 
scription in conjunction with the accompanying draw- 
ls ings, in which: 

FIG. 1 depicts a top view of a mechanical clamping 
chuck providing a first embodiment of the inventive 
topography for improved heat transfer gas distribu- 

40 tion; 

FIG. 2 depicts a cross-sectional view of the me- 
chanical chuck taken along lines 2-2 of FIG. 1; 
FIG. 3 depicts an enlarged view of the pressure 
valve on the left side of the pedestal seen in FIG. 2; 

45 FIG. 4 depicts a top view of an electrostatic chuck 
providing a second embodiment of the inventive to- 
pography; and 

FIG. 5 depicts across-sectional view of the electro- 
static chuck taken along lines 5-5 of FIG. 4. 

50 

To facilitate understanding : identical reference nu- 
merals have been used, where possible, to designate 
identical elements that are common to the figures. 

FIG. 1 depicts a top view of a mechanical clamping 
55 chuck 100 adapted to support and physically retain a 
workpiece to be processed, such as a semiconductor 
wafer, on a pedestal 102 within a high density plasma 
reaction chamber (not shown). FIG. 2 depicts a cross- 
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sectional view of the electrostatic chuck of FIG. 1 taken 
along line 2-2 with a semiconductor wafer 111 clamped 
in position. To best understand the invention, the reader 
should simultaneously refer to both FIGS. 1 and 2. 

For a detailed understanding of the plasma reaction s 
chamber and its operation in processing a wafer, the 
reader should refer to the drawings and the detailed de- 
scription contained in Patent No. 4,842,683, issued 
June 27, 1989, incorporated herein by reference. That 
disclosure discloses a biased, high density plasma re- 10 
action chamber manufactured by Applied Materials, Inc. 
of Santa Clara, California. 

The mechanical clamping chuck 100 is provided 
with a smooth support surface 104 on a pedestal 102. 
The diameter of the support surface 104 is slightly less is 
than the diameter of the wafer 111 that it supports. At 
the edge of the support surface 104, a lip seal 112 is 
provided to seal a heat transfer gas in a volume of -space 
108 defined by the support surface 104 and the bottom 
edge of the wafer 1 1 1 . A clamping ring 1 1 0 for retaining so 
the wafer 1 1 1 during processing is located slightly above 
the support surface 104. The diameter of the clamping 
ring 110 is approximately equal to the diameter of the 
wafer 111. When engaged, the clamping ring 110 push- 
es downwards evenly about the wafer circumference 25 
until it contacts the lip seal 112. 

The pedestal 102 is provided with a conduit 116 for 
conducting a heat transfer gas (preferably Helium) to the 
support surface 104 via a plenum 118. The plenum 118 
feeds eight heat transfer gas ports 1 20 evenly and con- 30 
centrically positioned proximate the periphery of the 
support surface 104. Since the gas is entering the vol- 
ume 1 08 from a sealed periphery, it is forced to flow from 
the periphery to the center across the support surface 
104. To aid in directing the flow of the gas, two sets of 35 
vanes are provided on the support surface 1 04. The first 
set of vanes 122 extend radially from the periphery of 
the support surface 104 to the center dividing the total 
area of the support surface 104 into eight equal zones. 
In between each vane, at the periphery, one heat trans- 40 
fer gas port 120 is positioned to supply gas to an asso- 
ciated zone. One vane from the second set 1 23 is posi- 
tioned in front of each of the eight heat transfer gas ports 
120 and extends radially inward towards (but not totally 
reaching) the center. All vanes in each set are uniform 45 
in width (0.5mm) and height and support the wafer 
0.05mm above the support surface 104. In this config- 
uration, the gas flowing from each port is evenly divided 
across each zone. The gas moves across the underside 
of the wafer 111 filling in the interstitial spaces as well so 
as transferring heat. When the gas reaches the center 
of the support surface 104, it flows down to a drain 124 
which conducts the heated gas away from the wafer 111 
via a channel 125 below the support surface 104 to the 
reaction chamber. 55 

To maintain adequate gas pressure, a pressure 
valve 1 26 is provided at the end of the channel 1 25 from 
the drain 124 to the reaction chamber. Typically, the 



pressure valve is metal and is capable of maintaining a 
pressure comparable to that of the expected Helium 
leakage rate (e.g. 2sccm). FIG. 3 displays a detailed 
view of the pressure valve 126. The pressure valve 126 
has a casing 1 32 that is sized to accommodate a two 
stage bore 1 34 at the end of the channel 125. A narrow 
end 136 of the casing 132 is fitted with an O-ring seal 
130 to prevent unwanted gas leakage or blowby. The 
pressure valve 126 has a two-stage opening 138 pro- 
portionate to the two-stage bore 1 34 extending from a 
wide end 140 of the casing 132 to slightly before the 
narrow end 136. The narrow end 136 is fitted with a 
membrane 128 which is bonded by an epoxy-based 
bonding material to the narrow end of the two-stage 
opening 136. Preferably the membrane is porous ce- 
ramic and of dimensions 10mm x 10mm. The porosity 
of the membrane 128 allows the gas to pass through it 
and the two-stage opening 138 to the chamber. The 
membrane 128 therefore maintains an adequate gas 
pressure in the volume 108 to maintain a uniform layer 
of gas for heat conduction, yet allows gas to "leak" 
through the membrane to the reaction chamber. In this 
way, a controlled and limited flow of gas away from the 
wafer is realized. The typical flow rate is approximately 
2sccm. The wafer is therefore cooled slightly by convec- 
tion, but mostly by conduction. However, such gas flow 
ensures that gas will reach and contact substantially the 
entire underside of the wafer. 

Heat transfer gas flow can also be regulated by oth- 
er means that are acceptable and logical for the condi- 
tions stated. A conventional valve for example may be 
manually activated during wafer processing or automat- 
ically activated by a feedback system monitoring heat 
transfer gas pressure. Additionally, a network of fixed 
diameter conduits below the support surface can be de- 
signed to maintain a predetermined flow rate and pres- 
sure. Other such control devices may be adapted for use 
in this apparatus by those familiar with the state of the 
art. 

Figures 4 and 5 depict a second embodiment of the 
invention, a support surface of an electrostatic chuck. 
Specifically, the chuck 200 contains a pedestal 202 with 
a surface 203 upon which a flex circuit 204 is adhered. 
The flex circuit 204 contains a patterned conductive lay- 
er encased in upper and lower dielectric layers (not 
shown). The flex circuit 204 is attached to the pedestal 
surface 203 by an adhesive layer (not shown) to create 
a support surface 206 for the wafer. The conductive lay- 
er is an electrode of the electrostatic chuck. Similar to 
the first embodiment, when the wafer 211 is placed on 
the support surface 206, a volume of space 208 is cre- 
ated below the wafer and above the support surface 
206. When power is applied to the conductive layer, it 
creates an electrostatic force which draws the wafer 211 
toward the support surface 206. This electrostatic force 
is also known as a clamping force. Since the dielectric 
material of the flex circuit 204 is semi-pliant, a relatively 
tight seal is created where the wafer contacts the sup- 
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port surface 206. As such, the volume of space 208 is 
sealed from the chamber vacuum when the wafer 211 
is electrostatically clamped. 

Similar to the vanes on the support surface of the 
first embodiment, the flex circuit 204 is configured with 
two sets of radially extending vanes. The first set 207 
starts at the edge of the flex circuit 204 and moves ra- 
dially inwards to divide the support surface 206 into 
twelve equal area zones. However, the vane length al- 
ternates every zone from about 1/6 to about 1/4 of the 
distance trom the periphery to the center. In between 
each vane, at the periphery, a heat transfer gas port 220 
is positioned. The gas is discharged from the twelve 
ports 220 via a plenum 218 and conduit 216 similar to 
that of the mechanical clamping chuck and starts mov- 
ing towards the center drain 224. The second set of 
vanes 209 divide the flow of the gas evenly between the 
center drain 224 and U-shaped flow breaks 210. The 
flow breaks 210 serve to redistribute the gas more fully 
throughout the volume 208 before proceeding to the 
center drain 224. As in the first embodiment, once the 
gas arrives at the drain 224, it proceeds through a sub- 
surface channel 225 to the pressure valve 226 and is 
eventually vented to the reaction chamber. The ele- 
ments and design of the pressure valve 226 for the elec- 
trostatic chuck are identical to those of the mechanical 
chuck. 

With the uniform distribution of many heat transfer 
gas ports, directional vanes., drain and pressure valve, 
the interstitial spaces between the wafer and the support 
surface (104 or 206) are more fully reached. Thus, the 
surface area of the wafer exposed solely to the heat 
transfer gas is greatly increased and once heated, the 
gas is able to flow away from the wafer. This contributes 
to greater cooling capabilities of the chuck and more uni- 
form temperature of the wafer during processing than 
experienced by the prior art. 

Since there are a variety of parameters used in 
combination to achieve the desired heat transfer gas 
flow patterns, any or all of these parameters can be 
changed and the effect would remain the same. It can 
easily be seen for example, that reversing the gas flow 
direction (from the middle to the periphery) will achieve 
similar results. Valves or membranes can be positioned 
in a variety of locations (i.e., at each peripheral port) to 
regulate the pressure at each zone. Vane position and 
size can be reconfigured to optimize flow at different 
rates (pressures). Additionally, membrane thickness, 
plenum and drain dimensions can all be changed to cre- 
ate a new flow pattern. 

Although various embodiments which incorporate 
the teachings of the present invention have been shown 
and described in detail herein, those skilled in the art 
can readily devise many other varied embodiments that 
still incorporate these teachings. 



Claims 

1. Apparatus for supporting a workpiece comprising: 

5 a chuck having a workpiece support surface 

with a periphery and a radius; 
at least one heat transfer gas supply port locat- 
ed in the support surface; 
a heat transfer gas drain located in the support 
10 surface; and 

a pressure valve attached to the drain via a sub- 
support surface channel, where the pressure 
valve contains a ceramic membrane for control- 
ling and limiting flow of heat transfer gas in a 
15 volume between the workpiece and the support 

surface of the chuck. 

2. The apparatus of claim 1 wherein the location of the 
heat transfer gas drain is at the center of the support 

20 surface. 

3. The apparatus of claim 1 wherein the location of the 
heat transfer gas supply port is proximate the pe- 
riphery of the support surface. 

25 

4. The apparatus of claim 1 further comprising means 
for directing the flow of heat transfer gas from the 
periphery and across the support surface. 

30 5. The apparatus of claim 4 wherein the chuck further 
comprises means for clamping the workpiece to the 
support surface. 

6. The apparatus of claim 5 wherein the means for 
35 clamping is a mechanical clamp. 

7. The apparatus of claim 6 having eight heat transfer 
gas ports. 

40 8. The apparatus of claim 6 wherein the means for di- 
recting the flow of heat transfer gas further compris- 
es a first set of vanes extending radially from the 
periphery of the support surface to the drain dividing 
the total area of the support surface into eight zones 

45 of equal size and a second set of vanes positioned 
in front of each of the eight heat transfer gas ports, 
extending radially inward. 

9. The apparatus of claim 5 wherein the means for 
50 clamping is an electrostatic clamp. 

10. The apparatus of claim 9 having twelve heat trans- 
fer gas ports. 

55 11. The apparatus of claim 9 wherein the means for di- 
recting the flow of heat transfer gas further compris- 
es a first set of vanes extending from the periphery 
of the support surface in lengths alternating be- 
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tween about 1/6 and 1/4 the radius of the support 
surface and a second set of vanes dividing the flow 
of the gas evenly between the drain and a plurality 
of U-shaped flow breaks positioned radially inward 
from the first set of vanes. 

12. The apparatus of claim 11 wherein the plurality of 
U-shaped flow breaks is six. 

13. The apparatus of claim 1 wherein the pressure 
valve further comprises: 



19. The apparatus of claim 18 wherein the means for 
clamping is a mechanical clamp. 

20. The apparatus of claim 1 9 having eight heat transfer 
5 gas ports. 

21 . The apparatus of claim 1 9 wherein the first set of 
vanes divides the total area of the support surface 
into eight zones of equal size and the second set of 

10 vanes are positioned in front of each of the eight 
heat transfer gas ports. 



a casing having a wide end and a narrow end; 
and 

a two-stage opening extending axially through 
the casing from the wide end to the narrow end, 
wherein the ceramic membrane is adhered to 
the two-stage opening at the narrow end of the 
casing. 

14. Apparatus for supporting a workpiece comprising: 

a chuck having a workpiece support surface 
with a periphery and a radius; 
at least one heat transfer gas supply port locat- 
ed in the support surface; 
a heat transfer gas drain located in the support 
surface; 

a pressure valve attached to the drain via a sub- 
support surface channel; and 
a plurality of vanes 

wherein said heat transfer gas supply 
ports : drain, pressure valve, and plurality of 
vanes produce a controlled and limited flow of 
heat transfer gas in a volume between the 
workpiece and the support surface of the 
chuck. 

15. The apparatus of claim 14 wherein said plurality of 
vanes further comprises: 

a first set of vanes extending radially inward 
from the periphery of the support surface; and 
a second set of vanes positioned proximate 
each of the heat transfer gas ports, extending 
radially inward. 

16. The apparatus of claim 15 wherein the location of 
the heat transfer gas drain is at the center of the 
support surface. 
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22. The apparatus of claim 18 wherein the means for 
clamping is an electrostatic clamp. 

23. The apparatus of claim 22 having twelve heat trans- 
fer gas ports. 

24. The apparatus of claim 22 wherein the first set of 
vanes alternate in length between about 1 /6 and 1 /4 
the radius of the support surface and the second set 
of vanes divide the flow of the gas evenly between 
the drain and a plurality of U-shaped flow breaks 
positioned radially inward from the first set of vanes. 

25. The apparatus of claim 24 wherein the plurality of 
U-shaped flow breaks is six. 

26. Apparatus for retaining a workpiece comprising: 

a chuck having a workpiece support surface 
with a periphery and a center; 
a plurality of heat transfer gas ports positioned 
proximate the periphery of the support surface; 
a drain positioned proximate the center of the 
support surface; 

a pressure valve attached to the drain via a sub- 
support surface channel; the pressure valve 
having, 

a casing having a wide end and a narrow 
end; a two-stage opening extending axially 
through the casing from the wide end to the nar- 
row end; a porous ceramic membrane adhered 
to the two-stage opening at the narrow end of 
the casing; 

a first set of vanes extending radially inward 
from the periphery of the support surface; and 
a second set of vanes positioned proximate 
each of the heat transfer gas ports, extending 
radially inward. 



17. The apparatus of claim 15 wherein the location of 
the heat transfer gas supply port is proximate the 
periphery of the support surface. 

18. The apparatus of claim 1 5 wherein the chuck further 
comprises means for clamping the workpiece to the 
support surface. 
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